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(=] B8y Wit BIrEEEE S 8 N IKEE (ASTL) $ii/4 F F1 ASTL Xt A& i ME-180
Y0t SRR RS R, TSR R IR NET U ME-180., HeLa 41, AR $i 41 i b 38 )5 2% 1) R
W, #P Tt trardl. (D)4 ME-180 44 4 4. IR, M4 (4 Gy). ASTL Hifk
2. ASTL Hifk+REHT4 (4 Gy), R 5-Z P32 WA IR EERZ AT (EdU) e ta . 3-(4, 5-H3E
WEME-2)-2, 5- T AFE PUSUMEIRER (MTT) SZHAS I A 21 AR A HE A BE 1) 5718 1B 00, IF T HRGTE
0. 24, 48, 72 h RAHIEHOE. Western blot SZHKIN ASTL 7R P IRENENL (2)% ME-180
ANfsy R 2 1. BRI . ASTL BUif+IRG4L, A5 T 0. 2. 4. 8 Gy g, FHRATIEIEM
SEUGH I AL AR AR RE S (3) %% HeLa 4HE4Y A 2 41 . FAHTZH . ASTL Huik+HRES4L, 4331
170, 2. 4, 8 Gy MR, KA MTT SZ4eAG AN AAAETE L. (4)FEME-180 4iiffisr-h 2 4. 44
%I RNA X BE2H (sh-%F BE2H ). %0 & J¢ RNA ASTL #4424l (sh-ASTLAH), R0 E %R
A 5% I (qQRT-PCR), Western blot SE56 #6125 [ i B(AKT) &L (0 F A 1E 0L FIRT,
AP 0. 5. 10 nmoL/L FIHLIARALEE ME-180 41fE, K Western blot SZIGAGIHT A A A ¥ 5L
KRk G AR, (5) % ME-180 44> A 2 4H . XFHE4H . MR AT4H (4 Gy), K Western
blot SEEAGIN ASTL, AKT ZHUSEH HFRIAE L. DL LIRS Cs vy SHRBRAHIR, FIRR
11 Gy/min, 41 ELECR ML EAS ¢ K050, SR (DEJU RELEERE/R, 5RF4H
b, ASTL K+ 5T4H (4 Gy) #7 T ME-180 40 J (305, 2% 5 A St X (=925, P<
0.05); MTT S04 BoR, SIRYT4AM L, ASTL Hilk+IR4I4H (4 Gy) 1EIBEIJS 24, 48, 72h
Af, ME-180 40 i A= Kol B IR AL, H2ESHAESHITEE L (=517, 1032, 1427, ¥
P<0.05). Wt Western blot SEH 25 R B, 4 Gy BBAH5 24 h i, ME-180 4l g+ ASTL
AE AN B A A SN, MRS 48~72 h, ASTL BT EN THMIE . (2) WLfETE BisL i 45
RE/R, SEFAME, ASTL Huik+iRS4iaE% 0T 8 Gy HATA ME-180 4l AYgsE, H2ER
H Gt X (=7.63, P<0.05), (3)HeLa ZHJifi MTT S28e45 R Won, SBGT4AHEL, ASTL 3t
I+ ETH REAS AR 2. 4. 8 Gy BBI S HeLa ARINAETE X, HESWA L H ¥ X (=427,
9.66. 15.71, 4 P<0.05), (4)qRT-PCR SL¥:45 R WoR, ASTL T B#E NS5, AKT fHy3ikK
SETFR(£=13.94, P<0.05), [FFf, Western blot 325545 %KM, ASTL FHtain A ASTL HiiiaE
g Bl AKT 2580 2 N 1 215 7KF o (5) Western blot SEE 45 R o, SXTHEAAHEL, MBS
(4 Gy) ASTL. AKT IR MERBKTFEEETH S 418 NETUE ME-180 4 it Al S skt
5 ASTL HY/KFEAESE, ASTL HiiREL sh-ASTL BEASIG5R MR 5T F ME-180 4t At SFHsusdt .
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[ Abstract] Objective To investigate the effect of the antibody neutralization of astacin-like
metalloendopeptidase (ASTL) on the radiosensitivity of human cervical carcinoma ME-180 cells.
Methods ME-180 cells and HeLa cells were grouped as follows in accordance with different
experimental treatments: (1) ME-180 cells were divided into the control group, irradiation (4 Gy)
group, ASTL antibody group, and ASTL antibody + irradiation (4 Gy) group. The number and
proliferative capacity of viable cells were detected via 5-ethynyl-2'deoxyuridine nucleoside
(EdU) staining and 3-(4,5-dimethylthiazol-2)-2,5-diphenyltetrazolium bromide (MTT) assay.
Immunofluorescence and Western blot analyses were used to detect the localization of ASTL in the
cells at 0, 24, 48, and 72 h after irradiation. (2) ME-180 cells were divided into two groups: the
irradiation group and the ASTL antibody + irradiation group irradiated with 0, 2, 4, and 8 Gy y-rays.
The proliferative capacity of the cells was detected through the clone formation assay. (3) HeLa cells
were divided into two groups: the irradiation group and the ASTL antibody + irradiation group
irradiated with 0, 2, 4, and 8 Gy y-rays. MTT assay was used to detect the proliferative capacity of the
cells. (4) ME-180 cells were divided into two groups: the sh-control group and the sh-ASTL
transfection group. Protein kinase B expression levels were analyzed through quantitative real-time
polymerase chain reaction (QRT-PCR) and Western blot analyses; at the same time, ME-180 cells were
treated with 0, 5, 10 nmoL/L antibodies respectively, and the effect of antibody neutralization on target
gene expression was detected by western blot test. (5) ME-180 cells were divided into two groups: the
control group and the irradiation (4 Gy) group. Western blot analysis was used to detect ASTL and
AKT expression.For the relative experiments, the cells were treated with '’Cs y-ray irradiation at the
dose rate of 1 Gy/min. Independent samples #-test was used for comparison between two groups.
Results (1) The results of the EdU staining experiments showed that neutralizing ASTL significantly
inhibited the proliferation of ME-180 cells after irradiation (+=9.25, P<0.05). The results of the MTT
assay validated that the proliferative capacity of the ASTL antibody + irradiation group
(4 Gy) was significantly (#=5.17, 10.32, 14.27; all P<0.05) reduced compared with that of the
irradiation group after 24, 48, and 72 h of irradiation. The results of immunofluorescence and Western
blot analyses revealed that the cytoplasmic localization of ASTL in ME-180 cells was significantly
enhanced after 24 h of 4 Gy irradiation, and ASTL was relocalized on the cell membrane after 48-72 h
of irradiation. (2) The results of the clone formation assay demonstrated that ASTL antibodies could
significantly reduce the survival rate of ME-180 cells after 8 Gy irradiation (=7.63, P<0.05). (3) The
results of the MTT assay showed that ASTL antibodies could significantly reduce the survival rates of
HeLa cells after 2, 4, and 8 Gy irradiation (+=4.27, 9.66, 15.71; all P<0.05). (4) qRT-PCR analysis
revealed that the expression level of AKT was significantly (~=13.94, P<0.05) down-regulated after
ASTL interference, whereas the results of Western blot analysis showed that ASTL interference or
ASTL antibody addition could reduce the protein expression levels of AKT and its target genes.
(5) The results of Western blot analysis demonstrated that in ME-180 cells, the levels of the ASTL
protein and AKT and its target genes significantly increased after 4 Gy irradiation. Conclusion  The
radiosensitivity of human cervical cancer ME-180 cells was correlated with the level of ASTL, and
ASTL antibody or sh-ASTL could enhance the radiosensitivity of ME-180 cells after irradiation.

[ Key words ] Uterine cervical neoplasms; Radiation tolerance; Antibodies; Astacin-like

metalloendopeptidase
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JoB A BR A VR A S8 R R R R B 5 A, HE R
JErh EZIC A W SRR, FREE S S g
Wit Z, RAREAE TR S0 N B A4 5 T 6,
HEFFR R RS DIREMAEST, A6
95% 1) 7 TR B (HP V) B UL 3 f8 Ry
i, Ao E RN I AN FLIR R BE (HPV) FifiFsf
[T RTR B, A o0 AR RS R B0
FUE AR T RIRIT S SR R O, BAA
30% HY R S S 28T e B 5k
B, SRS, REEEHE A R,
PRI, GnAer A 8 i e 200 A B P S RO, 9
A THCTE X5 UE B A B TR 0 RO IS N R
N, PEETBOT TR, MO R R

e U K il A 42 & N IR ( astacin-like metallo-
endopeptidase, ASTL) j&—2% 5 BIR): 24 i 2 11 AH G
HEFR T 4 Jm . ASTL JERI 4w &4 431 4>
FHRMR . X 46 000 FE Y. &
WG B2 o 25 /%W, ASTL I H N mfF
SRR EA AL GBT RBE RE I RE X R C R
Ui 22 BRZH B, ASTL % 56 DX 91 A6 A [m] 42 ] A
XHRSF CIS /N B R R B 3k 75.2%), (A5EH
LR B R R %, [RAT ASTL 25 H A] LATERS
URAH EAE I Z45 D RE, IR i R B 24
NG, HWFTR A AR W], ASTL 7 e F IE i 40
M EfERIA 2 5, HERIMIKF S FEi . Bhgi
GRRE R A E R BARDG, FFRTVE Sl E i e
YitriW; [FETR TREA S Sk S, A&
HPUIARRT 2 ASTL 7RI BEHAh R, SRS 00
TEERAMA AR, B ASTLIE ] LIVE N T 5
B EIRIT I — o A 25 Py 0 Y AR R AR
ASTL & 78 N & S5 ME-1804H il HE 4T 48 5 v i1y
YEH, BN EE & ASTL ST HEHA A GG
RS HER ST B0 5E BRI LA

1 #MR57F=%

1.1 B SR

DMEM ¥ R 85 37 5L | B4 g ¥ 3 DL &
51| Biological *E W B /A 7l B 2R WL H
ZE[# Hyclone /A 7] ; Hoechst 33342 Jx ik . —H
BT, SEBEE . 3-(4, 5-HIHREBEME-2)-2, 5-
TIOREL DY R MRIRER [3-(4,5-dimethylthiazol-2-y1)-2,5-

diphenyltetrazolium bromide, MTT] %% . RIPA %
. S UINFESE PRI . Triton X-100, 4 IL3E FI
B HUPOCERE A A R E R
FRZy ) ; Lipofectamine 3000, Trizolis ¥ H 3¢
Invitrogen A=y R A BR/A ] ; ECLEBMUL ek
g A HEAEYIRHL AR &I RNA(short hairpin
RNA, shRNA)ASTL(sh-ASTL) Ji ki Il [ 75 JH 4
MER AR MR IR W5 cDNA A iU & H
H 7 TaKaRa 23 A 5 SR 920 & it 58 6 W6 S
(quantitative real-time polymerase chain reaction,
qRT-PCR) 7 & . R % £ M (PVDF) I 414
L EFER CHRBHE A RPN ASTL Hiikly A
EwPEAYREAE; B ALE BB B
(phosphorylated protein kinase B, pAKT)#ifk .
T -3~ R Mt &0 ( GAPDH) Hit 1 ¥ 1l 1 25 [
Proteintech 2y A 3 AKT HifA . 40 Mg #MJE 15 8 (4
fiff ( extracellular regulated protein kinases, ERK) 1
oAk . B A AR I B L S B S S i K R
F G JPOG R S aUR FE (FITC) Aric i Il - Hi s
HPEERIE I G B0 F9EE Abcam A H] ;5 5-ZHdk-
2' i A PR BB EAZ AT (5-ethynyl-2'-deoxyuridine, EdU)
BT & A e s SEH A AT BRA A A0
RN AR AR BOER & 2 3 i DL AR
YR AE B 7). Gammacell®40 Exactor “'Cs y 5
ISR, FEFH 1 Gy/min, W HINE K Best
Theratronics 73 7] ; RT-6500 i #5734 H IR Il
AL AR R A PR F] ;s D3024R B HLIE A
R SEBALRILBUBAR 22 7] 5 TCS SPS Ut
LR A BRI AR E DR R A,
1.2 AfEREFR . Sr 2R AR

N 5t HeLa 4L . ME-180 41l 1% H 5%
BRI L. T 10% IR . 1% &
$E R 2 AUBLAY DMEM R4 55 57 HEHE 57 ME-180 4
fis FE 10% R4 I . 3% A AL . 1% 56k
75 3 WTH) DMEM ¥ {4 55 37 2L 15 % HeLa 20
iR 5% CO,. 37°C fEIR ISR, A0S s
TR 80% I HATILART S5+ .

GaSE S a3 O S 2 Wi i
Ho (1)K ME-180 Zfitd 7>y 4 241 X AR4L. MRGY
41(4 Gy). ASTL Hi{R 41 Al ASTL Hit /K +18 55 41
(4 Gy), RH EdU Yt . MTT 5256 K600 40 At 1) 77
IR OCRIEARE S, JETRURTS 0. 24, 48, 72h
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K REDE G . Western blot SZH K ASTL 76 4
Ji A A e (2) % ME-180 4H it 54 2 4 -
W2 . ASTL HUik+B5F4l, 437 0. 2.
4. 8 Gy M4Y, IR F va BTV B 5 50 K ) 4 24 4
M BB RE J1 . (3) %5 HeLa 40530 2 41 % 1d
4. ASTLHiikdl, #litfir 0. 2. 4. 8 Gy |
B, SR MTT 256046 00 410 (7736 1 Dl o (4) %%
ME-180 #iiffi 534 2 41 . ik Je RNA X fE2H (sh-Xf
WEZH) . %6k J¢ RNA ASTL %442 (sh-ASTL 4H ),
KH qRT-PCR. Western blot S 56 46 Il AKT 55 #
FEF P FEDR; FEF, 4% 0. 5. 10 nmoL/L 1)
PUARLLFE ME-180 Ziiffd, K Western blot SZEGAG
PriR R R R RS LR SE IR . (5) K ME-180
gifd A 240 XFRE4l . MREF41(4 Gy), RH
Western blot SZH 5 ] ASTL . AKT 4540 3t X 1y

DL EBRERS (4) S 4R B b ik B, Hifth s
W B TR BE 458 5 nmoL/L.  Fir A RE S 34 4 1
WCs y SRR, FIER K 1 Gy/min,
1.3 EdU 0505

B2 AR AN E BANF XA KA ) ME-180
Yipf, e 1<10° ASHLEEFT 96 LAk, 4 Gy RS
J& 24 h 4T BAU QL A 505 il 4534 & 50 pmol/L
i) BAU 5353, 44l 100 uL, 37°C %% 2 h; PBS
YE2 WK, B 5 min; LA 50 uL 4% £ R HE=E
TREE 30 min, [& 2 58 65 32 40 1 2 W
A 3% 4 M35 HE A 2% A 100 uL 0.5%
Triton X-100 #9 PBS, ZFE{RME 10 min; HIA 100 pL
PBS, BLEFEARSE 5 min; JIA 100 pL 1xX Apollo®
P N, iR KT, BEERIKEE
30 min; FERPERNEE, MABSERN(0.5%
Triton X-100 i PBS), %L 100 uL, % 2 )i
10 min, BRIFZBER; A 100 uL 59 EESE 2 1K,
AR 5 min; A 100 pL PBS %, 5 min; fITA
100 pL 1xHoechst 33342 Wik, FERIFE 30 min,
HEERDSE, RN A 100 uL PBS 35 Uk
2K, Pese U, STEDWESTFIRBUR S,
1.4 MTT 5256

ME-180 41 il . HeLa 4 ffd 432 32 A 5] 51 2 (0.
2. 4. 8 Gy) WS IR, & 3x10* N/ALEF T
96 fLAR T, KEFE20h )5, BAFLMA 20 pL 4 MTT
W, T 37°C ) CO, IR FA R R # 4 h, N

A 100 pL LA, $2 R G YREE 10 min, ff
FH ARSI 45 ZH AU L AE 490 nm AR A ERE
1.5 TEREIE R

ME-180 4fi fii £ 3 ANl i (0. 2. 4. 8 Gy)
ISR BB AT IS, 37 RIS 24 2000 A [R) A B ZH A 40
MR E 60 mm BB SR b, A0SR 57 3
B R T UL A e B A, 3 35 I R e
JE 30 min, HIAE AR g 0 G4 £5 30 min, K BE
W, THECH R =50 MER 1A sERE, TR
B AL S R = TR 2 o R 5 A R[]
A £ < 100% o
1.6 RPEFIEIL

H 1x10° 4~ ME-180 4 320 ik B A6 35 3% A
1) 6 fLtk T, 24 h 51T 4 Gy B 4 min, (1) 43
BIERRES 0. 24, 48, 72 h ERUFEFEIE, PBS I
YE2 Wk, EILINA 1 mL 4% ZERREE, = TR
€ 15 min, (2)0.3% Triton X-100 2 & 40 3 2 fifg
15 min, 5% 4~ M35 FE A EREE 2 h, (3)MA
Habi N ASTL ik (1 : 400 # )30 uL, 4C HH
I, PBS WEVE 3 K, MMARBRRERDOEE (FITC)
FRici L EHT R eIk B G(1 2 1000 k) |, &
M E 1h, PBS VL. (4)PBS & RIHVE 3 X,
AN 50 uL 47,6-— kKL -2- 2K FL 05| W (DAPD) YL ik T
Pk F, IR E 30 min, (5) PBS HE S5 vk
3K, H 30 pLyt gt E it T R, T
J& TR TSR, i O LR AR
T8 WL 2% RS S AN [F) B E) 80, 24, 48, 72 h)
ASTL TEAAAH 1) E AL E L
1.7 Western blot 5255

PBS JH 1AL HS Y9 ME-180 4iififd, K5 150 pL/fL
RIPA ZHABNINA 6 FLAk, FFE T UK 23R40 2 h,
10 000xg & .L> 10 min, HU EiH W o A SR
FR) 2 5 5 O B8 L INRE R P, /K & B 5 min,
AT B S R AN - SR DN M Ik e v s L Uk 5 HhL Yk
SERT N, B B A £ M (PVDF) [T S e K
/N, TE 100% I EEH R — T J5 IR A
PREFIFNEE IR ;. FIRas s, 5% AR Uik
FIREA 2 hy ARTIARITLA ASTL Hitik(1 : 400
B . AKT Hifk . pAKT ik . ERK1 Hifk (#
111000 7 B), 4CHEE K ; H TBST( tris
buffered saline with tween) 2% /P ¥ 1%t 3 VK, X
15 min; BRI AL PIBEEARIC I LD E BT e e R R
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F G(1 : 2000 %) ZWBFHE 1 h, TBST ¥k 3K,
%% 15 min; JH ECL(enhanced chemiluminescent)
RICEATIEE FFRI5
1.8 A Y R b 22

BEYLRT 1 d, KN 1x10° 4~/mL 9 ME-180
YHMIEERN T 6 LA, 7 L I 1 200 2% AR
TE 70% Zifi . 125 uL Jelii oA £ 59 DMEM
REFRHEM15 3.75 uL . 7.5 uL ) Lipofectamine 3000
RA, IRAJRERTIE Smin, A AW; FH125uL
JC ML TE TC i A= Z 19 DMEM % 37 5L 7% B sh-ASTL,
1 png/fL sh-ASTL, {R2JJ5HFE 5 min, N B ;
¥ AL BIFWIRSI M YW, BEE 30 min, 544
F 28 6 FLARCH RT3 3L, PBS ¥k 2~3 Ik, AL
A%y 2 mL LG Jo Pt A 2 1Y DMEM 3557 5 |
BT R RN 6 fLiH, BRERIRE
T 37°C 1) CO, THIR I FEAR T 1G5 4~6 h J54 &
M3 . S ZE M0 DMEM 5555559, 24 h
Jo W HE 40 MY, A5 I ME-180 4 ffi ' AKT. ASTL
% mRNA 5L R B E . [, 55508
0. 5. 10 nmoL/L FYHTIALL T ME-180 4fiffl, 5l
P s R I R ek A L A5 I
1.9 qRT-PCR Kiilll AKT ik

HF 700 pL/AL Trizol il F fim A 6 L AR 24 fif 4
i, SRERARMEA RNA, FHHRHU RNA $#18 cDNA
A BT G 1 B A8 B G SR AR A cDNA, A H T -
3 PR 1IN &0l ( GAPDH) mRNA #3635 &1/ A N
Z:, #E4T qRT-PCR, 43 B o4 4% il 2 0l £ ity
o YHEAME: 95C WA 30s; 95°C B 3,
60°C 1Bk 30s, 72°C #&Af1 30s, & 40 Ik, 4l
R 2L AT . SCER T B Ok IR T
GenBank( https://www.ncbi.nlm.nih.gov/genbank) DA
M miRBase(https://www.mirbase.org) £ 2, #id
Primer Premier 5 /4 (W4 H 3% [E PREMIER Biosoft
NED TR, BARFEILE 1.
1.10 230 B J5E R 200 A S5 P ) 4 B

B 5%10°~10x10° M4 5 nmoL/L fhi A ASTL #¢
TRAL PR ME-180 4l fitd, 7F 4°C. 500xg&c {4 F &
O3 min, /N0 EPREEIRE, IEAMM ., HE
PBS PR ANMI 2 Yk, Fic HE 4 2R 1A R 40 A o 2
F IO S Ul B B IR (. AR S R A
200 puL ¥ AL 2 uL FEABRHDHFIR S . 2 L
FEEAFER, SEAENRT 15s, K 10 min,

F1 mRNA LI ZOEE & PCR 54))751

Table 1 The primers for quantitative real-time PCR analysis of

the mRNA

GlL/ s SIYFH)(5'—3")
GAPDH-F GGAGCGAGATCCCTCCAAAAT
GAPDH-R GGCTGTTGTCATACTTCTCATGG
AKT-F AAACCTGGCGGCCACGCTAC
AKT-R TTGGCCAGGGCCACCTCCAT
ATM-F CAGGGTAGTTTAGTTGAGG
ATM-R AATACTGGACTGGTGCTT
PDKI1-F AGATGAGTGACCGAGGAG
PDKI1-R TTATACACTGGGAGTCTTTCT
PDK2-F TGGGTAATGAGGATTTGACT
PDK2-R GCTTTGTTATACACTGGGAGT
ERKI1-F ATTTCCCGCCTCTACGCC
ERKI1-R GCTCCCTCGCCAACTATC
ERK2-F CTGGACCGCTTCTACCTC
ERK2-R GTCGCTCAATCTTCCTCAA
CHKI1-F ATGAGTCTCTCGCAGGTGTCACCTT
CHKI1-R AAGGTGACACCTGCGAGAGACTCAT
CHK2-F GGCGGTGAACTGTTTGAT
CHK2-R TGTAGTCGTGCGAGAAGG
PTEN-F CTGGAAAGGGACGAACTG
PTEN-R GGTAACGGCTGAGGGAAC
Survivin-F TTAGGAGGAAAGATGGTA
Survivin-R TTCGGAGTAGGTTCAAGT

FE: PCROW B A EEE S 1% s GAPDH Jy H il % 3-Bl M-Il %
Bl AKT Jg 2 P10 Bs ATM D 3E0 3 B0 4 7 ik e A2
JE[H; PDKI Jhy 3-B R WLEE MR (1 15 PDK2 Jy 3-W4 1R
USSR (18R 25 ERKI 4 MISME 5989530 1; ERK2
S AN MLAMES ST 25 CHKL by UTER A0 5 0G0 o g
15 CHK2 A {e SR 20 it J&) BA 4G DU 5 3885 2; PTEN S ASE 105
R PRI B X 5K 1 8 A RIVREER ;- Survivin S 140
[l ASEERTTEA

PR S IR TEIR T 5's, SRIGTE 4°C. 13 000xg 5%
FTFE0 5 ming POENG IEFERE 25— R+
BB, 37°C K 5~10 min, 37°C K 2 000xg
B0 S min, HENEWR S HM)ZE T ELRLE), T
EMLHR 20 L, WSE EEA, BN R .
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Figure 1 Effect of astacin-like metalloendopeptidase antibody on radiosensitivity of human cervical cancer ME-180 and HeLa cells
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Figure 2 Effect of 4 Gy y-rays on the localization of astacin-like metalloendopeptidase protein in human cervical epidermal cancer ME-180

cells
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Figure 3 Effect of Sh-ASTL or ASTL antibody on the expression of protein kinase B gene and other target genes in human cervical cancer

ME-180 cells
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